09/ 868364 

JmsnmfdPGT/PTQ \ 5M 200) 

- 1 - 

MARKED UP VERSION OF THE SPECIFICATIONS 
SUBSTITUTE 
SPECIFICATION 
TITLE 

5 FLIGHT SOURCE ELEMENT WITH LATERAL, OBLIQUE LIGHT INFEED" 

BACKGROUND OF THE INVENTION 

The invention is directed to a light source element [ accord i ng to the 

1 0 preamb l e of patent cla i m 1 ] having a light wave guide for back-lighting of liquid 
crystal displays and for ambient illumination. 

One important job in the back-lighting of liquid crystal displays is comprised 
in illuminating the liquid crystal display area with an optimally uniform, 
monochromatic or polychromatic light radiation having an adequately high 

15 luminance. For this purpose [To th i s end ], the light radiation emitted from one or 
more light sources must, on the one hand, be as uniformly distributed onto the 
display area as possible, whereby, on the other hand, the losses should be 
optimally minimized. 

EP-A-0 500 960 discloses a planar light source element that is to be 

20 utilized for back-lighting in a liquid crystal display. Given this light source element, 
a light source is arranged at an end face surface as a light entry face of a 
transparent light waveguide. A surface of the light waveguide that is 
perpendicular to the light entry face serves as a light exit face, and a light- 
reflecting layer is arranged at that surface of the light waveguide lying opposite 

25 this light exit face. Further, a diffusing element is arranged such that the light 
emerging from the light exit face is diffusely scattered. The homogenization of the 
light radiation over the surface of the light source element is then achieved in that 
one or both surfaces of the light waveguide comprises roughened and plane 
sections, and the area ratio of the roughed to the plane sections is continuously 

30 varied along the waveguide. The plane sections have the property that, due to 
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total reflection, light rays are reflected back into the waveguide, whereas the light 
rays are scattered at the roughened sections. Since the luminance is initially 
relatively high at the light entry side of the light waveguide, a relatively high 
proportion of plane surfaces is set thereat, so that there is a relatively high 
5 probability that the light waves in this region will propagate by multiple total 
reflections in the waveguide. This areal proportion of plane sections is 
continuously reduced over the course of the waveguide, so that the light radiation 
can be increasingly scattered at the increasing proportion of roughened surfaces. 
Generating a relatively uniform output radiation at the light exit face of the light 

10 source element is thereby achieved. 

Given the described arrangement, the light radiation must be coupled into 
the light waveguide at an end face of the light source element. Given employment 
of a fluorescent tube arranged along this side and surrounded by a metallic 
reflector, an adequate luminance for the back-lighting of a liquid crystal display 

15 can presumably be offered in many cases. Nonetheless, this arrangement is 
relatively inflexible since the luminance cannot be increased above a certain 
degree due to the limitation in view of the employable light source. Moreover, the 
attachment of the light source to the lateral end face of the light source element 
is also unfavorable for space reasons because the space required therefor 

20 ultimately limits the width of the display area of the liquid crystal display. 

The described arrangement is suitable, for example, for the back-lighting 
of a liquid crystal display at the dashboard of a motor vehicle. When the display 
is located relatively far up on the dashboard, the display area is highly visible. 
When, however, this is arranged relatively far down on the dashboard, the driver 

25 or passenger views the display area with a relatively large observation angle. This 
leads to faulty recognition of the display area, particularly given liquid crystal 
displays [ disp l ay ] with their great dependency on observation angle. 

Given the described arrangement, a foil or film with a vapor-deposited 
metallic layer is applied as a light-reflecting layer onto the surface of the light 

30 waveguide lying opposite the light exit face after the manufacture of the light 



waveguide. This procedure of applying the film, however, proves to be relatively 
involved, since the film must generally be glued onto the surface of the light 
waveguide. An adhesive must be employed for this purpose that should optimally 
exhibit adequate transparency for a broad wavelength range of the visible spectral 
5 range since the light source element should be employable not only for the back- 
lighting of liquid crystal displays with white light sources but also for 
monochromatic back-lighting with LEDs having an arbitrary wavelength. 

The arrangement disclosed by EP-A-0 500 960 is therefore suitable for a 
good lighting situation only when certain preconditions are met. 

10 SUMMARY OF THE INVENTION 

It is an object of the FPhel present invention [ i s thus based on the object of 
creating ] to create a light source element, particularly for back-lighting of liquid 
crystal displays, with which an improved luminance can be enabled even given 
different ambient conditions. 

1 5 Due to the type of infeed of the light radiation at the end faces of the light 

waveguide [ , further,] it is also a problem to enhance the luminance given the light 
source elements known in the Prior Art that have the function of ambient lighting. 
It is thus a further object of the present invention to create a light source element 
for ambient lighting that exhibits a higher luminance and/or a larger light exit face. 

20 Another object of the invention is to specify a method for the manufacture 

of a light source element that enables a high luminance of the light source 
element. 

[The above-descr i bed probl e ms of the Prior Art ar e so l ved w i th th e l ight 
source elem e nt accord i ng to patent c l aim 1 and w i th a method accord i ng to patent 
25 c l a i ms 20 or 22. ] 

The above described problems are solved in accordance with the light 
source element and method according to the invention wherein the light source 
element is provided with a light waveguide. A light exit face is provided along with 
at least one light entry face. A surface lying opposite the light exit face and at 
30 least some of lateral surfaces connecting the light exit face and the opposite 
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surface are covered with reflectors that at least one of reflect and diffusely return 
light. The light entry face is formed by a part of at least one of the lateral surfaces 
and the opposite surface not provided with a reflector and is arranged at an acute 
angle relative to one of principal directions of extent of the light waveguide. 
5 What all versions of a first embodiment of the present invention have in 

common is that, differing from the Prior Art, the light radiation is no longer coupled 
into the light waveguide at one or both end faces but at surfaces that proceed in 
the longitudinal direction of the light source element, whereby the light radiation 
is coupled into the light waveguide with an oblique angle. Since there is more 

10 space available for positioning the light sources along these surfaces, a plurality 
of light sources can be provided. This creates the possibility that the luminance 
of [an invent i ve] light source element of the invention can be increased. 

In all embodiments, the light waveguide is covered with a reflector at at 
least that surface lying opposite the light exit face and at the longitudinal side 

1 5 surfaces connecting the light exit face and the opposite surface, opening regions 
for arranging light infeed units being shaped as warranted in [said] Jhg reflector. 

In a first example of a first embodiment of [an i nvent i ve ] g light source 
element of the invention , the light sources are arranged at the longitudinal side 
surfaces of the light waveguide. A plurality of light sources such as light-emitting 

20 diodes or the like can be arranged at the longitudinal side surfaces, and the 
luminance of the light source element can thus be increased. 

In a second example of a first embodiment of [an i nventive] a light source 
element of the invention , the light sources are arranged at the surface of the light 
source element that lies opposite the light exit side. Such an embodiment serves, 

25 for example, as a light source element for ambient lighting. 

Such light source elements can, for example, be fashioned designed planar 
and can thus be used in an ideal way for the back-lighting of liquid crystal 
displays. 

Further, such light source elements can be employed for ambient lighting. 
30 The damping of the light waveguide is practically suppressed due to the possibility 
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of multiple light input, so that light waveguides of an arbitrary length can be 
illuminated and employed for lighting the surroundings. 

In a second embodiment, the [i nvent i ve ] light source element of the 
invention , comprises a light waveguide with a light exit face, whereby that surface 
5 of the light waveguide lying opposite the light exit face is covered with a reflector 
that reflects or diffusely returns light, and whereby, further, the light exit face and 
the surface of the light waveguide lying thereopposite describe an angle differing 
from zero. 

Using such a light source element, a lightguide module can be 

10 manufactured and mounted in the dashboard of a motor vehicle. Dependent on 
the height position provided for the lightguide module to be installed, the oblique 
angle of the light exit face is set [ such ] during manufacture such that driver or 
passenger look directly onto the display surface of the liquid crystal display. 

In a first embodiment, the [i nventive ] method of the invention for achieving 

1 5 the object is characterized in that the application of the reflective film is practically 
combined with the manufacture of the light waveguide. The light waveguide [; 
namely, ] is manufactured by injection molding in that a transparent plastic is 
injected into a mold or a cavity of an injection molding apparatus. This mold is 
previously lined with the film at the bottom surface and at least a part of the lateral 

20 surfaces. When curing after the injection molding of the plastic, the film adheres 
to the light waveguide. 

In a second embodiment of the inventive method, the film is manufactured 
with a deep-drawing process and is subsequently applied to the light waveguide. 
Preferably, a film comprising a bottom surface and at least one lateral surface is 

25 thereby produced in a one-piece form and the light waveguide is subsequently 
introduced thereinto. For example, the one-piece film can be manufactured in the 
form of a trough-shaped channel into which the light waveguide can be inserted. 

The invention is described in greater detail below on the basis of exemplary 
embodiments in the drawings. [ Shown i n the draw i ngs are: ] 

30 BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 is a first example of the first embodiment of [ an i nvent i ve ] § planar 
light source element of the invention for the back-lighting of liquid crystal displays; 

Figure 2 is a cross-section through the light source element of Figure 1 
along the line ll-ll; 

5 Figure 3 js a second example of the first embodiment of [ an i nventive ] § 

light source element of the invention for ambient lighting; 

Figure 4 i§ a third example of the first embodiment of [ an i nvent i ve ] a light 
source element of the invention and Figure 4a a cross-section along a line IV-IV 
in Figure 4; 

10 Figure 5 js a specific form of the exemplary embodiment of Figure 4; 

Figure 6\sa second embodiment of [ an invent i ve ] a light source element 
of the invention for the back-lighting of liquid crystal displays; 

Figure 7 i§ a cross-section through the light source element of Figure 6 
along the line ll-ll; 

1 5 Figure 8 is a first embodiment of an inventively manufactured, planar light 

source element; 

Figure 9 i§ a cross-section through the light source element of Figure 8 
along the line ll-ll; and 

Figure 10 i§ a partial view of another embodiment of an inventively 
20 manufactured, planar light source element. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
For the purposes of promoting an understanding of the principles of the 
invention, reference will now be made to the preferred embodiments illustrated in 
the drawings and specific language will be used to describe the same. It will 
25 nevertheless be understood that no limitation of the scope of the invention is 
thereby intended, such alterations and further modifications in the illustrated 
device, and such further a p plications of the principles of the invention as 
illustrated therein being contemplated as would normally occur to one skilled in 
the art to which the invention relates. 
30 Figure 1 shows an embodiment of an inventive light source element 10 



that, for example, can be employed for the back-lighting of a liquid crystal display. 
Figure 2 shows the light source element in a cross-section along the line ll-ll in 
Figure 1 together with a liquid crystal element. 

The core element of the light source element 1 0 of Figure 1 is a planar light 
5 waveguide 1 that can be fundamentally formed of any transparent material, for 
example of a thermoplastic resin such as acrylic resin, polycarbonate resin or of 
plexiglass or PMMA as well. The light coupled into this light waveguide 1 is 
uniformly distributed over the rectangular surface and is supplied to a display 
surface (not shown) of a liquid crystal display. [To this end] For this purpose , the 

10 light waveguide 4 is surrounded by reflectors 4 on all sides, the incident light 
radiation being diffusely cast back by [satd] the reflectors 4. 

The light infeed [ ensues ] occurs via light infeed units 5 that are attached 
to the longitudinal side surfaces 1 C and 1 D of the light source element 1 0 and that 
[are] respectively [ composed ] comprise of an aperture region 5B of the respective 

15 reflector 4 and of a light source 5A. The light source 5A, for example, is a 
semiconductor light-emitting diode (LED) for a monochromatic back-lighting but 
can also be a white light source like a halogen lamp or the like. In a specific 
embodiment, a UV radiation source can be employed, whereby the top and 
bottom sides of the light waveguide are then coated with a phosphorescent 

20 material. The light source 5A is arranged such that the light radiation is beamed 
into the light waveguide 1 at a specific, oblique angle relative to a principal axis 
of [satd] the light waveguide 1 . 

Figure 1 shows an embodiment wherein four light infeed units are attached 
to the light waveguide 1 at the longitudinal side surface 1C and two light infeed 

25 units are attached to the light waveguide 1 at the opposite longitudinal side 
surface 1D. 

The exemplary embodiment of Figure 1 provides that a triangular projection 
of the light waveguide 1 is present at every light infeed unit. One lateral face of 
this projection is covered with a reflector 4, whereas the other lateral face lies free 
30 toward the outside and thus forms the aperture region 5B. 
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In the exemplary embodiment of Figure 1, the end faces 1E and 1F are 
also advantageously covered with reflectors so that no light is coupled out at the 
end faces. 

The reflectors 4 are preferably formed of one piece and manufactured of 
5 Pocan® (thermal polyester on the basis of polybutyleneterephthalate) by injection 
molding. This material is white and forms an ideal diffuse reflector. However, it 
is just as conceivable to apply a film material as a reflector. For example, this can 
be a film on the basis of polycarbonate that is coated or printed with a white color. 
In order to make the manufacturing method even simpler, the film could also 
10 already be applied during the injection molding of the light waveguide 10 in that 
the mold of the injection molding apparatus is lined with the film before the 
injection molding. After the plastic compound cures, the film adheres to the 
waveguide and can be removed from the injection molding apparatus together 
therewith. 

1 5 The homogenization of the luminance is fundamentally produced as in EP- 

A-0 500 960 with a variable areal ratio of light-scattering and plane surfaces that 
are formed on the light exit face 1 A and/or that surface 1 B of the light waveguide 
1 lying thereopposite or on both. 

Light-scattering surfaces 6 and plane surfaces 7 formed into the light exit 

20 face 1A of the light waveguide are indicated in Figure 2 merely by way of 
example. The areal ratio of the plane surfaces 7 to the light-scattering surfaces 
6 is dependent on the luminance at the respective location in the light waveguide 
1 . A relatively high areal ratio is set in regions of relatively high luminance in the 
light waveguide 1 , whereas this proportion is set low in regions of relatively low 

25 luminance. There are a number of possibilities for the shape of the light- 
scattering surfaces 6. An especially simple manufacturing method is the 
production of roughened regions by emerying the respective surface. The surface 
is comparatively intensively emeried at the locations at which a low luminance is 
present in order to scatter the incident light. However, the light-scattering regions 

30 6 can also be, for example, small elevations that are applied onto the surface as 
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a point matrix in a designational way. The density distribution in the point matrix 
can be determined, for example, with a simulation program into which it is 
essentially the dimensions of the light waveguide 1 and the locations and 
intensities of the light infeed as well as the reflection[s] conditions that are input. 
5 Figure 2 additionally shows a liquid crystal element 9 that is arranged 

above the light exit face 1A of the light waveguide 1 and is separated therefrom 
by spacers. 

Figure 3 shows a second exemplary embodiment of an inventive light 
source element 20 in an exploded view from the side. At the same time, this 

10 represents the second embodiment of the invention wherein the light infeed does 
not [enstje] occur via the longitudinal lateral faces but via the surface lying 
opposite the light exit face. 

As in the first exemplary embodiment of Figure 1, the surface 21 B lying 
opposite the light exit face 21 A and the longitudinal lateral faces of a light 

15 waveguide 21 are covered with reflectors 24. The comments about the first 
exemplary embodiment apply to these reflectors, i.e. these are preferably formed 
of one piece, so that they practically form a trough-shaped channel into which the 
light waveguide 21 is introduced. Aperture regions 25B into which the light 
waveguide 21 engages with triangular projections are formed in that surface 21 B 

20 lying opposite the light exit face 21 A. Light sources 25A are again arranged 
[streh] in front of these aperture regions 25B such that they [ts] gre coupled into 
the light waveguide 21 at an oblique angle relative to a principal or longitudinal 
axis thereof. The aperture regions 25B in the reflective layer 24 and the 
respectively [ apperta i n i ng ] corresponding light sources 25Aform a plurality of light 

25 infeed units 25. The entire surface 21 B lying opposite the light exit face 21 A is 
now available for the arrangement of these light infeed units 25, so that a plurality 
of these can be provided. 

In this embodiment, too, light-scattering and plane surfaces can be 
provided in a variable ratio on the light exit face for homogenization of the light 

30 radiation, as was set forth in conjunction with the first embodiment. The light 
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sources can be LEDs or polychromatic white light sources. 

The exemplary embodiment shown in Figure 3 can, for example, be 
employed as an elongated light source element for the ambient environment. In 
particular, a plurality of the illustrated units can be arranged following one another 
5 in order to produce an arbitrary length. 

Another exemplary embodiment is shown in Figure 4. This exemplary 
embodiment belongs to the first embodiment of the invention since the light is 
again coupled in here at the longitudinal lateral surfaces of the light source 
element. A part of the light source element 30, which can fundamentally be 

10 shaped with an arbitrary length, is shown. The light source element 30 can, for 
example, be utilized for ambient lighting. 

Figure 4A shows the light source element 30 in cross-section along the line 
IV-IV in Figure 4. In accord therewith, the light waveguide 31 comprises a light 
exit face 31 A and is covered with reflectors 34 at the opposite surface and at the 

15 longitudinal lateral surfaces. The same statements as provided for the above 
exemplary embodiments apply to this. The reflector 34 is interrupted along a 
longitudinal lateral surface in specific aperture regions 35B in front of which light 
source 35A [are] j§ arranged such that the light radiation they emit penetrates into 
the light waveguide 30 at an oblique angle relative to the longitudinal axis thereof. 

20 The aperture regions 35B in the reflector 34 and the light sources 35A arranged 
in front of them form light infeed units 35. As was already the case in the previous 
exemplary embodiments, the light sources 35 can be formed of LEDs or 
polychromatic white light sources. 

It has proven especially advantageous when the reflector 34 penetrates 

25 into the surface of the light waveguide 31 lying free in the aperture region 35B a 
certain distance therefrom. As a result thereof, the creation of bright hot spots in 
the light waveguide 31 can be avoided in the proximity of the light source 35. The 
rounded shape of the obliquely placed reflector surfaces for the formation of the 
aperture regions 35B also proves beneficial for the light infeed. This is also true 

30 of the embodiment according to Figure 3. 
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The light attenuation also plays practically no part given this type of light 
source element, and light source elements of arbitrary shape and length can be 
formed. 

Figure 5 shows a specific exemplary embodiment of the light source 
5 element shown in Figure 4. This comprises a closed form, whereby a plurality of 
successively arranged light infeed units 45 (the light sources are not shown) are 
provided at its inside circumferential surface. The structure and the configuration 
of the light waveguide 40 are the same as shown in Figure 4. The specific shape 
of the closed ring can be arbitrarily selected. 
10 Figure 6 shows an exemplary embodiment of [an] inventive light source 

elements 50 as potentially employed, for example, for the back-lighting of a liquid 
crystal display in the dashboard of a motor vehicle. 

In Figure 7, the light source element is shown in a cross-section along the 
line ll-ll in Figure 6. 

1 5 The core member of the light source element 50 of Figure 6 is a planar light 

waveguide 51 that can be fundamentally formed of any transparent material, for 
example of a thermoplastic resin such as acrylic resin, polycarbonate resin or of 
plexiglass or PMMA (polymethylmethacrylate) as well. The light coupled into this 
waveguide 51 from a light source 55, for instance a semiconductor light-emitting 

20 diode, is uniformly distributed over the light exit face 51 A and is supplied to a 
planar liquid crystal element (not shown) mounted at a slight distance above the 
light exit face 51 A with spacers. [To this end ] Forthis purpose , the light waveguide 
51 is surrounded on all sides by reflectors 54 with which the incident light radiation 
is diffusely cast back. 

25 In the exemplary embodiment of Figure 6, the end faces are 

advantageously also partly covered with reflectors 54. Apertures 54A for the 
passage of the light radiation emitted by the light sources 55 are formed therein. 
However, it can likewise be provided as well that the end faces are not covered 
by reflectors 54 from the very outset. 

30 The light waveguide 51 comprises [ such] a shape that the plane of the light 
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exit face 51 A describes an angle [e] with the plane of the surface 51 B lying 
opposite it. When, therefore, the lightguide module is mounted in the illustrated 
form at a planar back wall, for example in the dashboard of a motor vehicle, the 
light exit face 51 A and, thus, the liquid crystal element mounted in front of the light 
5 exit face 51 A as welL is placed obliquely and faces toward an observer. What is 
thus achieved is that the observer, given a liquid crystal display attached at a 
lower position of a dashboard, looks perpendicularly onto the display surface, so 
that the viewing deficiencies that occur given the conventional lightguide modules 
are avoided. 

1 0 The reflectors 54 are preferably formed of one piece and §re manufactured 

of Pocan® (thermal polyester on the basis of polybutyleneterephthalate) by 
injection molding. This material is white and forms an ideal diffuse reflector. 
However, it is just as conceivable to apply a film material as § reflector. For 
example, this can be a film on the basis of polycarbonate that is coated or printed 

1 5 with a white color. In order to make the manufacturing method even simpler, the 
film could also already be applied during the injection molding of the light 
waveguide 50 in that the mold of the injection molding apparatus is lined with the 
film before the injection molding. After the plastic compound cures, the film 
adheres to the waveguide and can be removed from the injection molding 

20 apparatus together therewith. 

The homogenization of the luminance is fundamentally produced as in EP- 
A-0 500 960 with a variable areal ratio of light-scattering and plane surfaces that 
are formed on the light exit face 51 A and/or that surface 51 B of the light 
waveguide 51 lying thereopposite or on both. 

25 Light-scattering surfaces 56 and plane surfaces 57 formed into the light exit 

face 51 A of the light waveguide 51 are indicated in Figure 7 merely by way of 
example. The areal ratio of the plane surfaces 57 to the light-scattering surfaces 
56 is dependent on the luminance at the respective location in the light waveguide 
51 . A relatively high areal ratio is set in regions of relatively high luminance in the 

30 light waveguide 51 , whereas this proportion is set low in regions of relatively low 
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luminance. There are a number of possibilities for the shape of the light- 
scattering surfaces 56. An especially simple manufacturing method is the 
production of roughened regions by emerying the respective surface. The surface 
is comparatively intensively emeried at the locations at which a low luminance is 
5 present in order to scatter the incident light. However, the light-scattering regions 
56 can also be, for example, small elevations that are applied onto the surface as 
a point matrix in a designational way. The density distribution in the point matrix 
can be determined, for example, with a simulation program into which it is 
essentially the dimensions of the light waveguide 51 and the locations and 

10 intensities of the light infeed as well as the reflection conditions that are input. 

It can also be provided that light source from which light is coupled into the 
light waveguide 51 are arrangement at both [and] end faces. 

Figure 8 shows a perspective view of a further embodiment of an 
inventively manufactured light source element 60 as potentially employed, for 

15 example, for back-lighting of a liquid crystal display. 

The core member of the light source element 60 is a planar, cuboid light 
waveguide 61 that can be fundamentally formed of [any] a transparent material, 
for example of a thermoplastic casting resin such as acrylic resin or polycarbonate 
resin. When the light source element is to be manufactured according to the first 

20 embodiment of the invention, then the material must be capable of being injection 
molded. 

The light coupled into this light [ waveguide61 ] waveguide 61 is uniformly 
distributed over the rectangular surface and is supplied to a display surface (not 
shown) of a liquid crystal display. A film 64 with which the incident light radiation 

25 is diffusely reflected back into the light waveguide 62 is applied at the surface 61 B 
lying opposite the light exit face 61 A as well as to the lateral surfaces 61 C and 
61 D. The light infeed [ ensues ] occurs with at least one light source 65 that [are] 
is arranged in front of at least one of the end face surfaces 61 E or 61 F of the light 
source element 60. For example, the light source is a semiconductor light- 

30 emitting diode (LED) for a monochromatic back-lighting of the liquid crystal 
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display. The employment of miniaturized LEDs, which can be mounted in SMT 
technique (surface mounted technique) and have become known under the 
trademarks SIDELED® and MiniSIDELED®, is especially advantageous. A very 
flat light source element (lightguide module) can be manufactured by employing 
5 such a light source with an extremely flat light waveguide. Fundamentally, 
however, a white light source such as a halogen lamp or the like can also be 
employed as th§ light source. 

In the further embodiment, the light waveguide 61 is manufactured with 
injection molding, whereby the application of the film 64 [ ensues ] occurs 

10 simultaneously. [ To that end ] For that purpose , an injection molding apparatus 
is employed that contains a form that corresponds to the desired shape of the light 
waveguide 61, i.e. comprises the shape of a flat cuboid in the exemplary 
embodiment. This mold, i.e. essentially the bottom surface and the longitudinal 
[stetes] side surfaces^ are lined with the film 64 before the injection molding. For 

1 5 example, the film can thereby be pulled through the injection molding apparatus 
as an endless film strip and can be suctioned into the mold by under-pressure. 
The film is cut off when the apparatus is closed. The injection molding with the 
plastic material is then implemented. After the curing of the plastic compound in 
the casting mold, the film 64 adheres to the light waveguide and this can be 

20 removed from the injection molding apparatus. 

When desired, the film 64 can be applied to all lateral surfaces of the mold. 
In any case, care must be exercised to see either that no film is provided at the 
locations at which light sources 65 are to be arranged or that openings of 
adequate size are formed in the film 64 in an existing film, the light radiation of the 

25 light sources 65 being capable of entering into the light waveguide 61 through 
these. 

According to a second aspect of the present invention, the film 64 is 
manufactured in a deep-drawing process. Preferably, the film 64 is manufactured 
of one piece with the bottom surface and the lateral surfaces. For example, the 
30 film can then be present as a trough-shaped channel into which the light 
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waveguide 61 can be pushed. 

The film can be essentially [ composed of ] comprise a polycarbonate that 
is coated or printed with a white color. It can also be composed of a multi-layer 
structure of a polycarbonate layer, an aluminum layer and the white colorant layer. 
5 The homogenization of the luminance is fundamentally produced as in EP- 

A-0 500 960 with a variable areal ratio of light-scattering and plane surfaces that 
are formed on the light exit face 61 A and/or that surface 61 B of the light 
waveguide 61 lying thereopposite or on both. Light-scattering surfaces 66 and 
plane surfaces 67 formed into the light exit face 61 A of the light waveguide 61 are 

10 indicated in Figure 9 merely by way of example. The areal ratio of the plane 
surfaces 67 to the light-scattering surfaces 66 is dependent on the luminance at 
the respective location in the light waveguide 61 . A relatively high areal ratio is 
set in regions of relatively high luminance in the light waveguide 61 , whereas this 
proportion is set low in regions of relatively low luminance. There are a number 

15 of possibilities for the shape of the light-scattering surfaces 66. An especially 
simple manufacturing method is the production of roughened regions by emerying 
the respective surface. The surface is comparatively intensively emeried at the 
locations at which a low luminance is present in order to scatter the incident light. 
However, the light-scattering regions 66 can also be, for example, small elevations 

20 that are applied onto the surface as a point matrix in a designational way. The 
density distribution in the point matrix can be determined, for example, with a 
simulation program into which it is essentially the dimensions of the light 
waveguide 61 and the locations and intensities of the light infeed as well as the 
reflection conditions that are input. 

25 For manufacturing a liquid crystal display, a liquid crystal element is 

secured to the light source element with spacers above the light exit face 61 A. 

Figure 10 shows a partial view of another exemplary embodiment of an 
inventive light source element 70 in perspective. 

This contains a light waveguide 71 whose one end comprises a projection 

30 71 A that is salient beyond the end face surface and aligns with the light exit face 
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73. A light source is arranged under the projection 71 a, so that the space above 
the light source 75 is additionally used by the projection 71 A. The area of the light 
source element 70 and, thus, the usable display area of the liquid crystal display 
is [sic] thus enlarged. The surface of the projection 71A facing toward the 
5 projection 71 A is likewise covered with the film 74 in addition to the bottom 
surface and the lateral surfaces. As a result thereof, unwanted light phenomena 
can be avoided, for example what are referred to as hot spots as frequently occur 
in the region of the light waveguide immediately above the light source. 

For manufacturing a light source element 70 as in Figure 10, the mold of 

10 the injection molding apparatus for the further exemplary embodiment must 
comprise a corresponding, complementary shape. A corresponding deep-drawing 
method for manufacturing the film 74 must be applied for the other embodiment. 

Although various minor modifications might be suggested by those skilled 
in the art, it should be understood that mv wish to embody within the scope of the 

15 patent warranted hereon all such modifications as reasonably and properly come 
with the scope of mv contribution to the art. 
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Abstract 

Light Source Element with Lateral, Oblique Light Coupling 

[The i nvent i on d i scloses a] A light source element [ (10) that can be ] i§ 
employed for the back-lighting of liquid crystal displays and that comprises an 
5 obliquely placed light exit face [ (51 A) ] and/or light entry face [(6B)]. At its 
surfaces, the light waveguide [ (1, 21, 31) ] is surrounded by reflectors [(4, 24, 34) ] 
into which suitable aperture regions [(5B, 25D, 35D) ] are potentially formed. [The 
i nvention enab l es the arrangement of a ] A plurality of light sources [ (5, 25, 35,45) ] 
and/or a more direct view is provided and, thus, a corresponding increase of the 
1 0 luminance results . [The i nvention also d i sc l oses a] A method is also provided for 
the manufacture of a light source element with §n integrated reflector. 
Figure 1] 
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